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STEREOSCOPIC VISION DISPLAY UNIT USING LENTICULAR LENS 



Abstract: 

Abstract of J P9 133893 

PROBLEM TO BE SOLVED: To view an ordinary two-dimensional image having 
no moire trouble by placing a diffuser (diffusion body) at a proper position in a 
stereoscopic display system which uses the lenticular lens. SOLUTION: A 
lenticular plate 4 is used which consists of a display part 1 provided with a pixel 
surface (or plane) having pixels 6 for a left image and pixels 7 for a right image. 
This lenticular lens plate 4 is arranged at a specific interval in front of the display 
part 1. Further, A diffuser (diffusion body) constitution body in the shape of a 
diffuser (diffusion body) is arranged a specific interval before. Therefore, an 
ordinary two-dimensional image can be viewed in an external area at a proper 
position where stereoscopy is possible without any moire trouble, and the 
stereoscopic image is viewed even in front of the display without any moire 
trouble. 
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Publication Title: 

IMAGE DISPLAY DEVICE 



Abstract: 

Abstract of J P1 1205822 

PROBLEM TO BE SOLVED: To allow a plurality viewers to select different 
two-dimensional or stereoscopic images and to view them, in matching with the 
purpose of each viewer. SOLUTION: This display device is provided with a 
direction dependent image display element 14 that allows a plurality of viewers, 
the viewing direction of which differs to view different images, regardless of the 
one set of the display element and with a direction dependent image setting 
circuit 18 that selects the number of direction dependent images and a display 
direction of the image. Thus, a multi-screen display by which a plurality of 
viewers view different images regardless of the one set of the display device is 
realized, without having to divide display areas on a screen and number of the 
multi- screen displays is changed, in accordance with the number of viewers and 
the necessity to set effectively the view area. 
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Publication Title: 
DISPLAY DEVICE 



Abstract: 

Abstract of JP1 031 2033 

PROBLEM TO BE SOLVED: To restrain moire, to miniaturize an entire device, to 
miniaturize an adjusting facility and to save power by providing an optical 
low-pass filter in the optical path of a color display element. SOLUTION: A color 
liquid cyrstal panel 203 is illuminated with luminous flux 207 emitted from a light 
source 201 and light beams emitted from the picture elements 1, 2 and 3 of the 
panel 203 are diffracted to the positions of apparent optical paths 5, 6 and 7 to be 
collected as the luminous flux 8 by a diffraction grating 4 being the optical 
low-pass filter. Meanwhile, the luminous flux 210 is emitted from a monochromic 
liquid crystal panel 204 illuminated with the luminous flux 208 from a light source 
202. The luminous flux 8 and the luminous flux 210 are synthesized by a half 
mirror 205 and becomes the luminous flux 9 to be made incident on a lens 206. 
The optical image of the color display element 203 and the optical image of the 
monochromic display element 204 are synthesized by the half mirror 205, and 
the low-pass filter is provided between the display element 203 and the half 
mirror 205. 
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;V2 o 3<nfiy~y ■iiv9WLmzXh z ^rvt^^.Lx 

mmzimmitRu lx k v ^ mm&#*> -> tz . 

[00 0 7] 7$.y— 2 0 5£fiJfflLT^& 

[0008] § fet. &^fit^3fctttl3K<7)|gt. 

Ltz^m^tti^ticom^m^- tun*. & BM£is#'*** 
; f^tsjbWfttj&sr* o . mastiiii^^atrj&^oiHE 

[0009] zemmit, w&Lizwm&$:Mm-&fz 
sa^»^j^flrt-«ik3&*T-#, $fee mt 

[0010] 

*-^<n^mz^m-&m5mmz$i^x, mz#y 
^m^mTtK m 2 c^as** as $ tummi'msx 



[0012] &fz, zcowM^^m^mmit. mim 
&m^m^K m&mx*$> 0 . mzv-^z.7 * >v? 
a* . tuiE^ y -m*m=F t mm mm.¥.&m^m=F t <n 

[0013] i<^MBtc«ft^^aili. £fe 
t= , Ml Bo — y 7 -f ;P * t t?IB3S^*fe^*-f t 
wlBfcifttt feti. flulBo-y U7 /l/^Ciit EH)f S 

[0014] zcomwizffi&m^gmit. %y-m^m 
T^m&bn.^M^mT^it^b z—m^mz 
^m-&m^mmzti\^x, mitry-m^m^z. v 

yXcol^frhi^izftM±cr>®.W< l zmWi-& bbh 
co^crmm^^ts^b Ltzi>cDX'fo&* 

[0016] c\<r>wMzi&&m^wm3.. fty-m^m 
^^mbM-fc^m^x^mb z—^crm^mz 

ilrJ&^&fl^Btfc^T. Witty— m^m'f-coMi 

tzhcoxhh. 

[0017] 4^. zcownizffi&^mwte. friE* 
a y -m^m=F b mmmm&&m^m=F t c^iBfciftft 

fefL^i,cof*)^o 

[0018] 4Jt. i<»5»HBfcffi4fl^ail4, MIB5S 

mmm&m^m=F-i,z&&ztifzmtE*? y-m^m=F^i& 

comfcD-^mt . MIE^ 5-S*if^7-7 -f ;i-^ 
<7)Jiaj tr >y f-ofi k L3t «, <nxh h . 
[0019] ttz, zenm^zi^hm^mmi. §fe 

. tfriEATjwsftfi^^mjEiffP^iftjiffit-sm i <o 
. mmm^mtammhtzx-hmm^z 
mm±m.x*mt t ^ ^i^siis* * mix y -mm=F 

LtzhnX'foh. 

[0020] ±fz, ifOSMHfcffiiS^SHIi, $ fe 

t,z . tu iB« AfifH»#s b mm^^m'T b comizm. 
wt>titzm2cDu-^x7 4)v?b. mm*tkcD&mm 

t. tfrlE^^-^^^vtfrlBm-fe^^S^w^W 
fiSoi)t|»(f#«iBf)IBm2c7)o-^°x7 4 )V9 bmm 
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zm^m^t itwm-th «t 3 two** sanest & 
[0021] ttz. zcomM^^m^mwit, £ £> 

as 1 <oib*«aai[#afc , «fleR««tuji«flie#tjjf 
ss$ia*:H-»$-ss& 1 cDmm^t . msftmmt 
vm&Lismmxxwmqrimm 1 com±mx-m 

#«fc, tulEA^WftfI-^fec7)^2^«^fi^-Mff-f- 
ftll 2 OftAflffitff . MIBH 2 oftAffi£ jjfrjas 
IBIrtfW« tT !9IB*fe«*3lf? fcffi^j-T ft * 2 Oilffi 

[0022] 4fc, itftfWiicflte^SSaBi, S 4> 
t s MieiS 2 co« AffifStS:^® t S?ie*fe*^*-f fc <r> 

mmmzizmm 2 <7)mm^&tmm&m^m=F- 1 % 
im&m^rn^ t zmwtth x 3 iz® 9 mthmm^m 

[00 23] 

#fSL=3r^^fM B ^ft, nit zcD$tm<7mmmm 

[0 0 24] HltfeW, 2 0 1 &t>" 2 0 2 (43Eli. 

2 0 3(4#7— CO'M^^^P. 2 QAfe^SfUCDW.gk 

2 0 5(iA-7S7- 2 0 6(Jl/yX\ 2 0 
7 , 2 0 8 s 2 1 0(43t3trC*4 . 
[00 2 5] £fc s RHfctSWC, 1, 2&V3J4H 

[00 26] O^'t, zcomtfccOffiM 1 cOi&fftOVsT 
#7-0*&fi,;-?*^2 0 3(4. »2 0 1^ 
^ltEiJ$tutM2 0 TTJHWSfU la a B^"^2 0 3 

A'X7 A )V9X'h ft 100967 4 \z£ . zn^'tiM.fr 
[00 27] — £\ 3KiS2 0 2 07t3l2 0 8TM§tl 

fc^y 7u<nm$ i ^*ii'2 o 4*>^3t*2 i oawajs 

ixft„ -eLT, 3BE8£:3BE2 1 0tliA-7S7-2 
0 5T^$tLT3Km9i:^:-pT^>'X2 0 eizjj^t 

[0028] d comMcoBM 1 J4. * 5 — 2 0 

3 03£^fHfc. ffeiSiT 2 0 4 ^ti: ^ a-7 
S5-2 0 5TMI, *5-SStf2 0 3iA-7 



iu^o^i.. ^iD. tr^^wjE-rft^t;. 

rt-^HXD #ft3t 4> COT* ft . 

[0029] ^©ffl^M^ 0 . 4*WI 

=5rft-fe-C&ft. llStl . 2S.V3 0Wai7tSrn-ytX7 

[0030]^, zwmmmm 1 -m^fia^st^ 

ta^ H B B^°^2 0 4 £ C Rmi/^ hn;l/ 

[0031] mmcomm2. z<D^m<r>mm<mm2t l z 
comMcomm 2comm.^-tmx$>i> . 

[0 0 3 2] g|2^^T. 2 0 1(43tig. 2 0 3li« 
7— O^hV^K 2 0 4^/^001^;!, 2 

0 6iiuyx, 2 0 7a*ft*| 1 „ 

[0 0 3 3] BHfctJVvc. 1. 2M'3lffl 

*, 4(4@#t167. 5. 6&V7i*BJ!r>ft±<vm* 8 

[0034] HHfcfcwc, lutmrn. i 
2. i3at^i4idaiarrfts. 

[ 0 0 3 5 ] o?t, Z\CDmmcO&m2cr>Mmz-o\,iT 
mmt&. #7-C0MJS*)U2 0 3 {4. 3til2 0 1** 
4>Wm$tLf^^2 0 7TW§tL. M^^^2 0 3 
C0H*1, 2^'3^A>ltajSa^{4s 3ts¥*«F5ra— 
A'A7 ^ ^^T-fcft [Hfffgf4 tioT, fJlftlli 1 
( t±O^S# 5 , 6 ftlf 7 H*f S *r?T 8 £ £ 

ft. 

[0036] ic07c^8{4. J£« 1 1 12.1 
3 &tf l 4 [6] fc: fifctst S tiT y ^ nc7)M^ ■< *^ 2 
0 4 -C'«^PISixT 1/VX2 0 6 tAItf" ft . 
[0037] i<omt^»?K)II2J4, ^7-^^*-? 2 0 
1 4:38^0*^^3^2 0 4 kOTHtilfiWSrn- 
v«7^^4 Srftfl L . ±1£^7 7-t**f 2 0 1 t 

ttmmico^m^m^ 2 0 4 oa*R±^^wt 

^L^iOT'fcfto 

[0038] o4 0 . HliFftS^4 fc J: ft O&Elf/f^ 1 
W/f*tot'7f J, Xr5-fsy|^F2 0 1*0BHW- 

immm±^vi-mmb-tiRmiz^^-m^m^2 

ft. 

[0039] ^^r^*> . ±IBHSfiO^ 1 -C-(4aStOlS 
HJfi«^«J2T'(4. ^K^/J^-ft-Tft^t. tfz, =E 

rv^nsrthtzmz, mk<nm7m : r-2 03. 204 

[ 0 0 4 0 ] ^<50Hf£<7)^®2-C{4^e^n- 
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[0041] mmcomm,3 . ^commcommcomm^tz 
commmm 3 os^sr^-riaT- & § . 

[0 04 2] H3fci3\,vc. 2 0 1ii^ii. 2 0 3(i* 
5— co^ll^/l-, 2 0 4(4^7 yn^M^^/K 2 

[0 04 3] HHtfeWC, 1, 2&tf3t±H£ 

[0 044] S&fc, HBtCiSWC. 2 0. 2 1. 2 
2, 2 3. 2 4&r/2 5(i«i)| 1 o 

[0045] Ol't, icOUMO^® 3 WlfrffyCO^T 
§49§-$-ft . ^0(7)^^^^/1-2 0 4 0 6 

C0h°y h i&hit^ U>X2 0 6t0tt@T"MH$il^ 
$2 0^t3K2 2i -COWB&A 5 ~ ^?Sb h ^ 2 
0 3(7)1*1, 2at/3^*<?5«SH*filS^-Sfflaifc:* 
5— <0jSftv^;l' 2 0 3 SrlEHlTft . 

[0046]*«20 l*»A>ltai§*Ufe3e3!2 0 — 2 2 
*}7—<7M$i^)V2 0 3 t^&y^ncoiSta^^^ 
2 0 4 TMJg^M S*fCUVX2 0 6 £ Alt LT^^ 2 
3-2 5kLTffffi§flft. 

[0047] ;«njifioff^j3(i. vY$**ia»#3*aato 

# 5-^S3lFP 2 0 3 fc #fe^3£P 2 0 4£MlIiL. 
l/yX2 0 6«t>l *±fB#fe^*^ 2 0 4 t-^ri) 
■£*fcfcfcfc, _hfE#7-^H^2 0 3(it>-h£{5' 

[0048] D „ *5-liif2 o 3<7)t°y htar 

[0049] -t^h-h. mmmnmm 1 x-i±mm.com 

*»f 2 04{:^W, *7-*Sif 2 0 3lit >"h 
fi0>H**-£trfffliieteE L/tt) tot" ft & . 

[00 50]^, iOHJfiO^«3T-«#5-^* 

?2 o 3£u->-X2 0 e^awiB^ESL^', 
yX2 0 6*>£,jfiWiM^ISMLT& 

[0051] mmmM4 . z^mmmm^mmAtz 
<^mmmm,A com^^-trnvh ft . 

[00 52] S4tfcW, 2 0 1(4^ig. 2 0 3li^ 
5— fiOjRiHi^^K 2 0 4(4^7 ^n^^H^N^-zP. 2 
0 6iJl/yX, 2 0 7IJMT'&S. 

[0 0 5 3] HHfctSWC. l s 2&l/ : '3i4BS 

[0 0 54] Sfet, HHfctJwr, 3 0(4Sftfpy 



X 3 1, 3 2&tf 3 3J4B*C0&iMit 3 4. 3 5& 
V 3 6 ttSSf*, 3 7 4 . 

[ o o 5 5 ] o?t, zcommcr)jfm4<7)mmz^\^x 

WtfS. ^7-Ofc B H ^°^2 0 3 {4, 3ftK2 0 1 
4>Wm$tLfc^2 0 7t«|Jil, iMPl*/^ 0 3 

cob* i o#f aafcii&if i-- y x 3 o tz x ->xmm 3 4 

COX otz^tJ? rt^>W.^^)V2 0 4 t=t°>- b fcBr#»L 
[00 56] ffii/^;120 3c7)B*2C0»ftfJ 

3ei±satt' yx 3 0 «t o T&afrt 3 5«iat*/^ 

a<7)?S^N°^;l-2 0 4 (;h"y h £ff #>LTia*|-£*ift . 

WL&^*)V2 0 3<7)B3R3<7)Sfft3tt4&lt^>" 
X 3 0 tz X -5 Tfil** 36<9J:'3te i Ey'?a coSHM** 
;k2 0 4fctyh*ff36*LT»»S*l.4. ^LT, SW 
3t 3 4 . 3 5 XV 3 6 (4. BSa&IHft 3 2 <7)iEH£iI 
o T ^ 37kLTI^>'X206 tAfff ft . 
[00 57] i<0Htfc<^WKWl4Ii, *5-S*«f2 0 

3 km^n&-m&f;mi L 2 o 4 twmiz&Muyxa 

OSrflJtU ±IB^5-^* : ?20 3<7Dft2ri5'^LT 
±l£#fe^^«^ 2 0 4 L t> Wi5 ft . 

[0058] -t&;b*>. * ri'*«iJBE-$N&fctf>fc:, *7 
2 0 3«ft*SWl/yX3 OtioTHT^L 
T^ft?!^*^ 2 0 4 tZ%£MLfz h COT* ft . 

[0059]^, i^ttcoffl5«J4T-i4^^-^« 
f203 coi£M&cot° y h WfiWtt WX 3 0 fcifi^ 

LXi> X^, 

[0060] mmcmm 5 . ; ^m^mmcmm 5 
ov vc04 avia 5 ^^gL^* 4 ^fjag-f s . la 5 {4. 

4. 

[006 1 ] 05ti5ivr, 2 0 4IK/?n(?)I B B BA' 
[006 2] i/i. ISHaCfeV^T, 31.3 2RU3 3 

immnmm , 3 7 t43BH^#> ft . 

[0 0 6 3] |5][2|tfcU-C. 4 0 tiifltftv?*^ 

2 0 4 tA*f-tft3feM^^W^P^W. 4 1 {4H4 

«o*Mt3e 3 4 03^*^^. 4 2 i4H4 cvmm 3300% 

Kim. 4 3lffl4»Klf*3 6 03EiM, 4 4J4H 

4 (7)B* 1 0±PS0B*<7)ai^03tl^. 4 5 (40 
4 c7)BSt 3 OTPl«B*WjM^03t*^T* ft . 
[0 0 64]-3ft, ZcomMcr>mM5(Ommz^\^X 
M B 8i~& . 04 c^)^ 5 -OffofH-A 0 *^ 2 0 3 cofecoE5!l 
MttH(4 3 BST'fe ft COT", t y ^ a<7)M^^^ 2 0 4 

#*U4 3 . 3fc»^4 4 . 3e*^4 5c?)4 3 fc. {Jtt 
Oi^i^3ISt LT. |S]feT*ft^»^4 1 t 
3t*^4 53W*Sr<a-f , 4^. R6-CS)ft^*^4 

3 b "ftM.^4 4 iWfisSr ^5rv^. 

[006 5] £<7)SgJfecom<S5i4. *Miif2 0 4 
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fcKW Ltz^y ~mm^- 2 0 3 tf)«<7) « * # 

[00 66] ttifh. tTHtfllJEETfcfcftfc:, #7 
2 0 3 eof&£&»f V- >-X 3 0 £ J: -o X L 

x^m^m^- 204 izim l . * y~m*m=F 203 
[0067] mm^mme . ^mmmm^mm 6 iz 

comm^BM 6 <7)«f££^ElT"& 5 . 
[0 0 6 8] E|6fc*5ivt\ 2 0 1ii3EiI. 2 0 3li^ 

0 6 it V >X^ 2 0 7 {43BKT& 4 . 
[00 6 9] 4fc, HHfcfcWt, 1, 23H/3J4H 
«. 4i4HIJlff&?, 5. 6W7(±Ii>ft±OM, 8 

[0 0 7 0] 3S>t, HBfctSWC* 5 0l»fe ( R ) 

coAjiw&m^. 5 (g) cDAxmmn, 5 
2 ( b ) ?)Atimmmxfo & . 5 3 (iSAffin 

ffEISik 54. 5 5&tf5 6tiSJ£*£**MiSff[!ISfr 

5 3 t-&*x*t2BSHI», 5 7.5 8&X/ 5 9 (i^ffUl 

[007 1] ftH(C*SWt. 6 0(iSEMSrl^ 

ffQIft 5 7-59 fc-^*>*fc jfflElHlB, 61I±X^ 7f 
-V, 6 2i4n— /«7 -r/l^T"£>&. 

[00 7 2] ££>fc. HHfcfcwc 6 3 JiftAftSifl: 

0g§5 3 0tH^fi-f-. 64. 6 5S.V6 6(iSEHIS#5 
4 . 5 5&tf'5 6 -ea-f fLOai^fl^-. 6 7.6 8S^ 

6 9{iBfe3HlIJ»5 7. 5 8&t/5 9^L^tlC9£fJ7Jfi 

7 0(iMM[Ulf^6 Ocom^Jff-f-. 7 1{in-y\°x:7 
-f;k^6 2£0ai7Jfi^. 7 2{±X>f «y?-*6 lCOJjfcfcg 

[0073] ort. c\cr>mMow%.^> commz-o^x 
mw-t& . Aumm^- 50. 5 1 &if 5 2 ^ti^tico 

[0074] «Affi?8Jt[l]i® 5 3ti. A* WEflMt^ 5 

o. 5 iaif5 2»ibMrr*iaj*m-^6 3*ai*"r 

4, —77. #gS@ff&54. 5 5SXX5 6J2. ATJtWt 
M# 5 0 . 5 1 5 2 c^gffi^l^lSfiLT^fL^fl 

wm^jft-f-6 4. 6 5RX/6 ezftjrt&t, 

[00 7 5] #BfcJflI|f&5 7 . 5 8&tf 5 9(4, ttftft 

•cab & ffi^fi-f - 6 4 . 6 5 a v 6 6 * igrcfc & mam 
#6 3T^^i^s-r^ist. H«rc*4aj*^#6 

3**0<Ofc*tcl±ISMM*l (tfzliO) bLXZti? 

[0 0 7 6] 7A 7f^6 1 oai7Jfi^-7 2 t . 
KOEU^Jfl-f-6 7. 6 8S.V6 9i:*|5]— ^-f 
-T^<. ISEK 6 0Mo-;U7 -f ;t/^ 6 2 Oil 



[ 0 0 7 7 ] Jfcfc, &Mm6 3 3&WEQIfft6 OWn 

^ai<o«jfflii«djaEBsra6 oom^ft-f-7 o *wtR 

U t*gI^l B B aA"^;l/2 0 3SU ; Ih b bA"^2 0 4 
[0 0 78] ±ISO± 3tLT^A,fL^#fe (R) <7) 

m^ime 7 , ( g > <7)m7jft#6 s . #& ( b ) 

<Z>ttWrtt96 9 £ #7-«r B ^*/P2 0 3 fcA3r$- 
4. ^2 0 7^R«0H*1. Gtoa*2. BcO 

3 THrjSSEH LT M*>ft±W3m 5 . 6 RXf 7 com 
Lfc^ffi 8 £ EWfftT 4frL>®&LXl=S'7 
VCOm.3,^^2 0 4 tAItf-4 o 
[0 0 7 9] Stt, JJE<0±afcLT*»<?>*Ufefii^J 
7 2 £ 2 0 4 £ ATI L . 3K« 8 SrSWS^ 

f)fLT3ftfi9Sr#4. 
[0080] £<OHtfcOWKtt6Ii, SA«f!3fW5 3 
i:l&Jt0E£5 7. 5 8. 5 9 fcUffi LT . A* tttf 
£fcO:KAlfi£¥fel^*^ 2 0 4 £A7J L . A7JB*i 
«^&±IEA7JB!^ft^feOSAfflT-^tl,mi^L 

^ii^*7-i^f2 0 3tA7j-r§, 4st, mm 

4. 5 5. 5 6JII«t^t. *fc*;ffiSlff0»5 
3 i: m-fe^S^ 2 0 4 t <?)iafc:S®Ilfi& 6 0 £ JM1 1 
/S t CKX-fo h . S 4> t . «AlffiaffIUff§ 5 3 fc 
Sf2 04i:«:, SSIHig6 0towU7^^ 
6 2i:£^J'9#X§X>f 7ft6 1 ^ftfiLfctWT'fc 

[0081 ] f =5:^. ^TU'tWiBE^&fcftfc:. A^ 
Wt«-^feOSAffi£*felS^*^ 2 0 4 tA73 L. 
A*^ffefI-t£±IS*AfflT"^ti^l^a LfeitSmSr* 
y-m^m^ 2 0 3 A73 & Ot* S . 

[ o o s 2 ] tfz, mmm 1 ^ t ltpsm-mnm 
it. «*^*fc«>fc, «Att^ffius^5 3tmfe^ 

S^2 0 4i:Ora1t. 0 tn—^X7 i )V? 

62t£WK>W£&X'i -yi~^ 6 l£i&ft£&0-CJb 

4, 

[0083] mmmm7 . z\<D%m^>mm<nmu7 iz 
<r>mmmm i <mm:^tmx*]bh . 

[0 084] H7t*J^T, 2 0 1(43Kii. 2 0 3li* 
5— «1b b b a^;1/, 2 0 4li€/^n^)MA^;K 2 
0 6 >-X. 2 0 7 4 . 

[0 085] 4fc. HHtfe^t, 1. 2StA"3(4B 

5. 4(±0Wtt^, 5. 6atX7J4fl!Wt±<«e». 8 

[0086] itz. mmi/za^x. 5otiife(R)£?) 
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Aummm. 5 1 ( g > ntjivmm^ 5 2 

( B ) wAAWI^tfcS, 5 3{ift±fKHff 

sure* 4. 

[0 0 87] RSIttiV^. 6 0 tidSffifiSrSBE 

^*MtJng»8 8-9 otc-&*>*tjffiEiaB. 6 1 a* 

[0 0 88] 4fc, HHttSWC, 6 3 fcWfcMlStffll 

s&5 3om^ft-t. 7o«aM®s&6o^m*ft-^. 7 

[00 89] §£>fc, IslEl^a^T. 81. 8 2$.t/8 
3tin-^7^;^. 8 4 fcttfcfcfiSHUgift. 8 5, 
8 6M'8 7 l£iSESfribMSil3niI»8 4 
iSJffilHlK, 88, 8 9&l*9 0teBfgJ[MII&'T*&&. 

[0 0 9 0] HHtCtJWt, 9 1, 9 2M'9 

3ttnwU7^;^8 1 — 8 3t0tU^lft-t, 9 4ii« 

*ffflwna»8 4<oas*m#, 95, 9 6W9 7iis 
SEHi&ss— s 7 -en.^n.<7)m*fi^ 9 8. 9 9av 

1 0 0 (i^flmi»8 8—9 0 ^ix^'ixcr>iiitiim^rT$) 

[0091] -pytc, z(DmM<vBM7 cr>mmz~o^x 

Siti . A3JlfcflM3# 5 0, 5 1 5 2 **ve*U0 
[00 92] #D-A*X7-f^8 l-83li, At)®k 

mm 50-52 swumr lx ^ti^tnatsim 9 1 

~9 3*iii^rt-4. «Affi*HJ§M8 4(i:. ffi^j 

fit^- 9 1 — 9 3 <?5ftWrC* 4 9 4 £ ffi7J-t 

!>„ #3BEEI»8 5~8 7(i. 1-9 

30ii®ff#raSrPSLT'eiX^iX(5 r )ai^ft^'9 5 — 9 7 

[00 93] #110188-9011 «HiMrC*«tH 
^fif^ 9 5-97 *B*RT* 5 ft^fif-f- 9 4 T^-m 

But-r in:, mmx'$> & tattm^- 9 4 # 0 <o t s tia 

H«tt*l (ifcttO) i: LT^^ixai7Jfl-^9 8- 
1 0 0 2rtbi7J-r-g.. 

[0 0 94] X-f 7ft6 lCDftjimW7 2t, BftffHI 
lf^<7)tfi7Jft-^9 8— 1 0 0fc£|l|— ;M SV/fct^ 
< , 3I3£Hlg& 6 0 S.tXa— y \°x 7-rM62 <7)®e£b#PhJ 

[0095]*:, «AffiJIJiiM 5 3 *»4>A*«MWI 
5 0 - 5 2 W« Affirm * mTJ fl-^ 6 3 #'g5EHIS§ 6 

1 tt, ^S^SOffiffll^{iaM^6 0 CDftTlfl-f- 7 0 
* *K U ^RB0>ifcft/ ^2 0 3 StfiUft/ t * A- 

2 0 4 <r>%'^mM<?MW8f fctiu— ;n 0 x 7 -f /l^ 6 2 
»m*fi-^7 l£jB^LTm*m-^7 2£m;frrS. 

[00 96] JJE^i -5 tct"C*»4>*ut*fe (R) <n 

ai^ft^-9 8. life (g) com^m^9 9. w& (b) 

coiiitsmn 1 0 0 J*7-«Ma-*;I/ 2 0 3 HATJ-r 
4. mz. M2 0 7JRWBI1, GC0B^2. BCD 



Lfc^ffi 8 £ EWfWF AfrhM&LX't/? 

0 4 tcAitrs o 

[0 0 9 7] ±ie«Oio fcLT*»^*Ufe{ti^J 

fif# 7 2 £ 2 0 4 tCATJ L . 3£3i 8 £flU££ 

[0098] Zcr,mmcomM7l±^ 3SffiHlSI8 5—8 7 

1— 83ZMffiL. n— yU7^;^8 1 — 8 3coai:*J 
fire 9 1 — 9 3 * s ft^jfif-f- 9 1-93 ^ifceom^MT 
^L^tb*fif^-9 8— 1 0 0^*7-iS*?2 0 3 
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Publication Title: 

STEREOSCOPIC TELEVISION DEVICE 



Abstract: 

Abstract of J P60 103895 

PURPOSE:To obtain a large stereo color screen which gives a feeling of 
stereoscopic view simply by a video input for the number of stereo constitution 
sheets and a control signal. CONSTITUTION:This device is constituted in such a 
way that an optical system 4 corresponds to each CRT1 and the central point of 
an image is generated in the center of stereo picture. Synchronized video inputs 
6, 6' and 6" inputted to each CRT are, for example, consisted of three-layered 
screen. Delay quantities of variable delay circuits 7, T and 7" are controlled by a 
computer 8, and a picture is synthesized by a picture synthesizer 10 through 
sampling signal generators 9, 9' and 9". It is assumed that the place from a point 
11 to a point 12 on a screen of the CRT1 is a background, and a point 14 is 
installed from a foreground point 13. When images 13 and 14 are moved 
backward of the figure, and images 13" and 14" are shifted to upward of the 
picture, stereo images 13'" and 14'" move in the protruding direction, and vice 
versa. Positions of respective images on image display elements are controlled 
in accordance with positions and actions, and backward images of overlapped 
parts on respective images are eliminated. 
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MULTI-LAYERED LIQUID CRYSTAL PANEL 



Abstract: 

Abstract of JP60244924 

PURPOSE:To output information made of high-density picture elements to a 
multi-layered liquid crystal panel by using a composite transparent substrate 
having two sheets of extra-thin glass or plastic films to form the intermediate 
transparent substrate of the multi-layered liquid crystal panel consisting of >=2 
layers. CONSTITUTION The intermediate transparent substrate 30 is constituted 
with the composite glass substrate formed by adhering extra-thin glass 15 and 19 
by an adhesive agent 110 and disposing transparent electrodes 16, 14. 
Transparent electrodes 12, 17 are further provided via a liquid crystal 13 and the 
transparent substrates 11,18 are laminated on the outside thereof. The product 
which is made stabler than the product having the same thickness by the 
resilience of the resin and permits easy working is thus manufactured and the 
higher density is obtd. 
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JP61 166524 



Publication Title: 

LIQUID CRYSTAL DISPLAY DEVICE 



Abstract: 

Abstract of J P6 11 66524 

PURPOSE:To express display images stereoscopically by laminating polarizing 
plates, where positions of polarizers are shifted from one another on a plane, in 
the front of a liquid crystal display element and varying distances from the 
surface of the liquid crystal display element to individual polarizers. 
CONSTITUTION:When a voltage is impressed to a liquid crystal layer, 
corresponding picture elements look black on the surface. Concretely, an image 
is displayed in the deepest position of a display surface by the polarizer of a 
polarizing plate 1 out of laminated polarizing plates, and the image is displayed in 
the front part by polarizers of polarizing plates N.M. Since upper and lower 
picture elements are different in height in this manner, each picture element has 
depth information when the image is seen on the plane. Since the density of the 
coloring matter of a polarizing plate 9 is made highest and the density is reduced 
successively toward the deepest part, picture elements look deeper gradually 
and the contrast of the image is reduced gradually toward the depest part when 
ima- ges are formed continuously from the polarizing plate 9 to the polarizing 
plate 1 ; and thus, the displayed image looks more stereoscopic feeling. 
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JP61200783 



Publication Title: 

LIGHT TRANSMITTING PLATE FOR DISPLAY DEVICE 



Abstract: 

Abstract of J P6 1200783 

PURPOSE:To remove moire or Newton rings to relieve a burden such as eye 
fatigue of the observer by placing slantingly a longitudinal array of groups of 
through-holes at an angle of 10 deg.-45 deg. against the longitudinal axis of the 
display screen. CONSTITUTIONS electro-magnetic shielding net 1 is formed 
by irradiating a laser beam to a metal film 3 to pierce numerous through-holes 2. 
In this case, the film 3 is formed of metal such as copper, iron or stainless steel 
having an electro-magnetic shielding capability with a thickness of 10-50mu, 
while surface treatment such as formation of copper oxide or silver film is applied 
to the surface of the film 3. The longitudinal array of the through-holes 2 on the 
film 3 is placed slantingly at an angle of 10 deg. -45 deg. against the longitudinal 
axis of the display surface. The number of prescribed holes in the transverse 
direction are pierced, while the position of irradiation of the spot light is shifted 
transversely each prescribed intervals, thereafter, a line is changed to shift 
longitudinally a prescribed amount. In line alignment, the position is shifted at an 
angle of 10 deg. -45 deg. against the preceding line to pierce the through-holes. 
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JP621 22494 



Publication Title: 

STEREOSCOPIC VISION DEVICE 



Abstract: 

Abstract of J P62 122494 

PURPOSE:To display a photographed picture in a state available for 
stereoscopic vision without any auxiliary apparatuses such as spectacles by 
resolving a picture photographed by a camera into pictures for different depths. 
CONSTITUTION:The picture photographed by a photographing camera 5 is 
resolved, for instance, into the frame pictures for different depths 8A-8N by a 
picture processing means 6. The said frame pictures 8A-8N are displayed in 
such a manner that the respective displays 10A-10M of a depth-varying display 9 
with variable depth with timings coincident with the respective depths of the 
displays 10A-10M. To the display 9, plural number of half mirrors 11A-11C are 
provided. The stereo display by the display 9 needs only to be made vibrate or 
move in a direction approximately perpendicular to an spectator's eyes. 
Accordingly, for instance, liquid crystal display panels may be directly vibrated or 
moved. 
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Publication Title: 

STEREOSCOPIC TV ADAPTER 



Abstract: 

Abstract of JP62161294 

PURPOSE:To make stereoscopic images from ordinary TV signals by switching 
a switching means synchronously with signals obtained by frequency dividing 
vertical synchronizing signals and controlling voltage application to a liquid 
crystal panel. CONSTITUTION:Video signals from which synchronizing signals 
are removed in a synchronizing signal removing circuit 6 are delayed for a fixed 
time by a delay circuit 7 and switched alternately with undelayed video signals by 
a switching circuit 8. A signal obtained by 1/2 frequency dividing a vertical 
synchronizing signal V is used as a switching control signal, and the switching 
circuit 8 is switched at every field. The signals are composed with synchronizing 
signals by a synthesizing circuit 9 and inputted to a TV receiving set 4. On the 
other hand, voltage application to a liquid crystal panel 2 is controlled by the 
output of a frequency dividing circuit 11. When TN liqiud crystal is used, the 
plane of polarization of incident light is deviated by 90 deg. by optical activity 
when voltage is not applied. When the plane of polarization of lenses of 
polarization glasses is deviated by 90 deg. between the left eye and right eye, 
the rays of light to the left eye and right eye are switched alternately by applica 
tion of voltage to the liquid crystal panel. Thereby, stereoscopic image can be 
obtained from ordinary TV images. 
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JP62191819 



Publication Title: 

STEREOSCOPIC IMAGE DISPLAY DEVICE 



Abstract: 

Abstract of J P62 191 81 9 

PURPOSE:To eliminate flickering of a background in a visual field, and to 
observe a stereoscopic image in a state that fatigue is scarcely caused, by 
providing one piece of polarizing plates being components of a liquid crystal 
optical switch element, on the display surface of a display device. 
CONSTITUTIONS front of a color image receiving tube 5 being a display 
device, a polarizing plate 6 whose polarizing surfaces have been arranged in 
order in one direction is provided, and in front thereof, liquid crystal cells 7, 10 for 
a left eye and for a right eye and polarizing plates 9, 12 are provided, by which a 
liquid crystal optical switch is constituted. In this state, on the image receiving 
tube 5, images for a left eye and for a right eye are displayed alternately, and by 
synchronizing with it, a driving voltage is applied alternately to the liquid crystal 
cells 7, 10, and a stereoscopic image is observed. In that case, no action of an 
optical switch is executed by only the liquid crystal cells 7, 10 and the polarizing 
plates 9, 12, therefore, a flicker phenomenon by which a background in the 
periphery of the image receiving tube flickers does not occur, and in a state that 
fatigue is scarcely caused, the stereoscopic image can be observed. 
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JP62191820 



Publication Title: 

PSEUDO STEREOSCOPIC DISPLAYING SYSTEM 



Abstract: 

Abstract of J P62 191 820 

PURPOSE:To obtain a stereoscopic image display by placing a liquid crystal cell 
in front of a TV screen on which images for right and left eyes are displayed 
alternately by a time division, switching a polarized direction of a passing light 
beam as a time division, and seeing the images by separating them into right and 
left eyes by spectacles with a polarizing plate. CONSTITUTION :When a liquid 
crystal cell 12 which has been oriented uniformly by adding a dichroic black 
pigment to a ferroelectric smectic liquid crystal is used, and an electric field is 
applied through a transparent electrode of the inside of a cell substrate, a 
passing light beam becomes a linearly polarized light. By switching the polarity of 
a voltage, an axis of polarization can be changed by about 90 deg.. The liquid 
crystal cell 12 is placed in front of the TV 11, and the axes of polarization of the 
liquid crystal 12 are switched alternately by synchronizing with a frame signal of a 
TV signal by a circuit 14. The linearly polarized light 16 by a 1/4 wavelength plate 
14. An optical axis 24 of the 1/4 wavelength plate 14 is made to coincide with a 
symmetrical axis (a normal of a smectic layer) 23 of optical axis 21 , 22 which the 
liquid crystal 12 can adopt. By using spectacles 15 of a circularly polarized light 
plate, an influence exerted on a separation of a screen for both eyes is 
prevented, even if an appreciator inclines his neck to the right or left. According 
to this constitution, a pseudo stereoscopic displaying system whose practical use 
is very high is obtained. 
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JP62235929 



Publication Title: 

DISPLAYING METHOD FOR STEREOSCOPIC IMAGE USING LIQUID 
CRYSTAL DISPLAY ELEMENT 



Abstract: 

Abstract of JP62235929 

PURPOSE:To attain three-dimensional display by arraying plural liquid crystal 
display elements each of which arrays display picture elements almost the same 
in shape on the whole display surface like laminated layers and driving the 
picture elements of respective display elements to display an image. 
CONSTITUTION:The display picture elements almost the same in shape are 
arrayed on the display surfaces 1a-11a of the liquid crystal display elements 1-11 
like dot matrixes and these elements 1-11 are arrayed like laminated layers. A 
stereoscopic image can be displayed by driving the picture elements of 
respective display elements corresponding to the display image. Phase change 
type gest host liquid crystal display elements or twist nematic liquid crystal 
display elements can be also used as the elements 1-11. Thus, this method 
makes it possible to attain three-dimensional display prevented from misreading 
and increase display information. 
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JP63039299 



Publication Title: 
DISPLAY DEVICE 



Abstract: 

Abstract of JP63039299 

PURPOSE:To be able to see a stereoscopic picture without using spectacles and 
without making a viewer feel a flicker by displaying the respective picture 
elements at the position of depth corresponding to depth information and 
physically displaying the picture in three dimensional space. CONSTITUTIONS 
light transmitted through a picture forming part 14 is projected in a three 
dimensions display part 16. The three dimensions display part 16 has a 
constitution obtained by arranging nematic n-type liquid crystal, for example, with 
piling plural liquid crystal plates A1-An which are arranged in a matrix 
corresponding to the pixels of the picture forming part 14. When a three 
dimensions display driving part 17 selectively gives a slight current to the liquid 
crystal constituting the respective pixels in the respective liquid crystal plates 
A1-An, the applicable liquid crystal becomes a dynamic scattering mode(DS 
mode) and alters from a transparent state to a white muddy state to scatter the 
light projected from the corresponding pixels of the picture forming part 14 with 
the aid of the pixels altered to said white muddy state. Thus the viewer 21 in front 
of the three dimensions display part 16 can see as if said pixels are shining. 
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(54) STEREOSCOPIC DISPLAY SYSTEM 

(57) Abstract: 

PURPOSE: To realize a steroscopic display system with a 
simplified constitution, by arranging a polarizer, and a 
liquid crystal at the front of a display device, and 
changing a voltage impressed on the liquid crystal, 
corresponding to a displaying lett-scopic image and 
right-scopic image. 

CONSTITUTION: A stereoscopic camera 1 performs an 
image pickup operation by switching the left-scopic 
image and the right-scopic image alternately at every 
vertical period. The image image-picked up by the camera 
is displayed on a monitor 12 as the left-scopic image, 
and the right-scopic image, alternately. On the image 
displayed on the monitor 12, only deflection having a 
polarizing plane in a horizontal direction can pass by 
the polarizer 13. Polarized light passing the polarizer 
13 is made incident on the liquid crystal 14 whose 
passing characteristic of light is changed, by a voltage 
controlled circuit 15, and it passes through the 
left-scopic image as it is, and passes through the 
right-scopic image after being changed to deflected 
light whose polarizing plane is rotated by 90*. The 
polarized light passing the liquid crystal 14, is 
inputted to human eyes through a polarizing spectacles 



16, by which 
recognized. 



a stereoscopic video image can be 
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Publication Title: 

STEREOSCOPIC TELEVISION SET 



Abstract: 

Abstract of J P63 100898 

PURPOSE:To avoid flickering of a stereoscopic picture and to facilitate the 
compatibility with a present television receiver by inputting a liquid crystal display 
body, a picture signal and a depth information signal, selecting any of liquid 
crystal display panels sequentially and providing a selection circuit supplying a 
picture signal. CONSTITUTIONS depth information decoding circuit 105 extracts 
a depth infor mation signal multiplexed on a television signal, applies 
demodulation/decoding processing to obtain a k-bit digital data. The digital data 
106 is supplied as a control signal of a selection circuit 107, then the circuit 107 
supplies the 3 primary color signal 104 outputted from a video processing circuit 
103 to one of hold circuits 111-113 provided one to one to each layer of a liquid 
crystal display body 1 14 and a voltage making the liquid crystal display body 114 
transparent is supplied to the other hold circuits. 
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JP63203088 



Publication Title: 

STEREOSCOPIC VIEW REPRODUCING DEVICE FOR TELEVISION 
RECEIVER 



Abstract: 

Abstract of JP63203088 

PURPOSE:To attain the reproduction of excellent stereoscopic picture without 
flickering even with a liquid crystal with a slow response by splitting a deflection 
filter into plural directions in the horizontal direction of a TV screen to switch the 
deflection direction thereby relaxing high-speed responsiveness. 
CONSTITUTION:Split electrodes 4, 6 are arranged on electrode plates a1, d, 
b2, 62 on both sides of a liquid crystal layer 5, split electrodes 2, 8 are arranged 
on electrode plates a2, c2, b1, d1 via insulation films 3, 7, glass plates 1, 9 are 
arranged at the outside, and a liquid crystal cell 10 where the distance between 
corresponding parts is made equal to each other is arranged on the front face of 
a picture tube 11 via a deflection filter 12. AS the sequential reproduction is 
moved from the upper part of the picture tube 1 1 to the lower side sequentially in 
response to drive signals LV1-LV4, the deflection direction of the cell is changed 
by 90 deg., and the reproduction for left eye enters when an odd number of field 
of a left eye video signal enters the reproduction. Then the deflection direction of 
the cell is changed by 4 times each for the odd and even number fields, then the 
picture for the right and left eyes is reproduced alternately for 1/20sec each and it 
is watched by the right and left lenses to obtain a stereoscopic picture. 
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JP63274918 



Publication Title: 

LIQUID CRYSTAL STEREOSCOPIC DISPLAY DEVICE 



Abstract: 

Abstract of JP63274918 

PURPOSE:To improve portability by arranging a polarizing plate on the external 
surface of a 1st liquid crystal cell, arranging oppositely a 2nd liquid crystal cell 
which contains nematic liquid crystal on the external surface of the polarizing 
plate, and arranging polarizing spectacles on the external surface of the 2nd 
liquid crystal cell. CONSTITUTIONS upper electrode 3 and a lower electrode 4, 
and liquid crystal-oriented films 5 and 6 are formed on the opposite surfaces of 
upper and lower substrates 1 and 2, which are sealed with a seal material 7; and 
liquid crystal 8 is charged in their gap to form the 1st liquid crystal cell 10. The 
polarizing plate 20 consisting of upper and lower polarizing plates 11 and 12 is 
arrange on the outer surface of the cell 10. A liquid crystal cell 30 is arranged on 
the top surface of the polarizing plate 11. The cell 30 is formed by charging 
nematic liquid crystal 28 which provides torsional orientation between the 
electrode substrates. Further, the polarizing spectacles 40 which have a left 
polarizing plate 31 and a right polarizing plate 32 are arranged on the external 
surface of the cell 30. Thus, pieces of information for the right and left eyes are 
displayed on the cell 10 and pieces of information for the right and left eyes are 
separated by changing the axes of polarization, so that the information for the left 
eye is viewed with the left eye and the information for the right eye is viewed with 
the right eye. 
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JP2002099223 



Publication Title: 
DISPLAY DEVICE 



Abstract: 

Abstract of JP2002099223 

PROBLEM TO BE SOLVED: To provide a display device which can realize the 
application of making display contents different from each other simultaneously 
visible to two persons facing each other. SOLUTION: A filter 3 is a Fresnel lens 
having respective display cells 3a and 3b superposed on respective scanning 
lines of a display screen of the liquid crystal display device 2. The respective 
display cells 3a overlap on the respective scanning lines of the odd place of the 
display screen, deflect light from these scanning line to the direction of an arrow 
A and display the images on the scanning lines only in the direction of the arrow 
A. The respective display cells 3b overlap on the respective scanning lines of the 
even place of the display screen, deflect light from these scanning line to the 
direction of an arrow B and display the images on the scanning lines only in the 
direction of the arrow B. 
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AWS S «MS5 >f >±t^$ ft £ «KB«t- 
**S£»U ;«Bffex-^^H^iJ»gP4tcffi±it- 
4. *I^MffllgP4(4. £<9H«T-*fcJStT, ffiAB 

t2 3*i5KtS„ 

(4. Bft2 2h 1 8 0SHl«K§iX^Bft2 3 2rJnS[LT 
&SB<&tf f itTc£tL£. -f-LT. AEPA<7x£f|nH;iffioT 

v •> h hWf$mm a 5 -y > ±«iEjt l^b# 2 

2^Jit, ^ Ep b co^rr&l (cS o T v •> & AfoPffiBHI 
[00 3 9] ifc, cpui 0(4. H7(c^-f«^:Bft 

2 4 s 5st-B«7*-^ ^asfjts^s 5 ^f^m-t 

i:. Bffe2 2i;|5l«t;. B*T-*fc**-f$ifc*3»'h» 
SSrfi 1 ^ -S-LT, CPU 10(4, *t?j^E— F (FaceTo 
Face) m^^tlX^tlif. B« 2 4 #3r8t# 1 
45^ y±C^3*U 1 8 0Jg[Ute$^Bffi2 

4 arose* a y±fc^s*i4«tB«'r 
-**ss»u -^BMx-^^^$ij»sP4^m±tr 

*. i^K$WgE4(4, -TcoBfftir-^CiEtT, MUfg 
*3gB:2£iBIKMttU Wa^45^y±tl 

M2 4 £ user 5 hftt, «ia#a^#saE9>f y±K 
1 8 o mm$&ztifzmigi2 a ssst* . 



[0040] £<9fctf>, l a H B^^I2«S*ii^ft 
T14 , Bit 2 4 i: 1 8 0 SEMES futBffl 2 4 £ Ml t 
•C=flrftBIR**ftjSS*t4. -f-LT. AEPAOTfftHOl-o 

# a ^ -f y ±^JEi L «: BfS 2 4 (7) » £ a 5 ; 
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[0042] ^^fc46. ML\fA^>9~*?7—7)V<r) 
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T 5 AftaWSfiB* a <r>&7E&7 A y±<r>mm 2 6 SrS 

x . ^epb co^mzm-y x v -> £ Aft*roit# a 
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VB2^H^^S4 1 , 4 2&lgHlfMf)H-£. 4fc. 
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BBtrr *f fries t , ift&wiME^tatffcfc&A t 
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54 yraox^.-xSr3ffit'r^l.ii:* i T'#-S.„ 
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7&S54 >-4 1 a_bZ>WRfc— i fc**T 
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[0 0 5 7] CPU1 0S4. a^MfflIgP4SratT. 1 
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[ 0 0 6 2 ] El 1 6 fc^rtfllt, 1 ^(fa^iia 5 1 
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ft. 
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[011] 01 comWizteilr&y comco^&m 

[012] *micDm^mnM2mffi&mz^~ty f u 

■y^0T'*ft o 

[01 3] 01 2«J6KtctJ{t4asiai^S2JSAa^ 
ggi; ^ 4 ^^-*fifa^ii:^m^^iW10T* 
•5) o 

[014] 012 WgiK ti(t* IS 1 AVSS 2 Jgfi^ 
SI«M47^ y^ffiS^«^^YM0T-S)ft . 
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Publication Title: 

DISPLAY DEVICE AND DISPLAY CONTROL METHOD 



Abstract: 

Abstract of JP2002350772 

PROBLEM TO BE SOLVED: To provide a display device which can properly 
display a plurality of images to different directions while evading increase in the 
overall size of the device. SOLUTION: According to image data of an image g1 
and an image g2 shown by (a), the image g1 is drawn on a pixel group in a 
column A of an LCD display part 2 and the image g2 is drawn on a pixel group in 
a column B as shown by (b). The drawn image g1 (longitudinal light) is 
transmitted through a column A (longitudinal stripe) of a plane polarizing filter 3 
and the image g2 (lateral light) is transmitted through a column B (lateral stripe) 
as shown by (c). Then the image g1 transmitted through the column A is 
transmitted through a column A (longitudinal stripe) of a bellows type polarizing 
filter 4 and emitted while slanted to the right by 45 deg.. The image g2 
transmitted through the column B of the plane polarizing filter, on the other hand, 
is transmitted through a column B (lateral stripe) and emitted while slanted to the 
left by 45 deg.. 
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-fs^^^A-k „ 

W S Sic?iJ^ffliSgl¥&V'fSSc?iJ^ Bfg^* 1 east Ztih 
fliriBSi 1 ^ /i^^KraffcEKSift.. iftfBm i <n 
TifiRi»ffit^*&ajiittrftfc:iftitlT3KiS-frftSB2 

HhmWffl r k t*fj£ LT , 3tS t=SKr & fittr * * 

mam 1 0^7 -r /i^ottiifcisisjft,, mib*^° 

H= ti (t -6 BSM <T k £*f JE L "C . 3Sfcffi*tfl Jfc&* 

a^ffliwj^iaHfffcSf jet s 3t* . «3iarwt=js t-r 

^k , 
^giJfflMk , 

ifiE^^^A'O MHfciESSft, MIENS' 

mmm r k 1 *f je l t , 3<s ta* 4 swrfa * * 

WB&W&7 < )V9&mWSM£ti. fflS$tts** 
4 Srii® L^lalB^^^^/l'CO^^JcoBSSfSt/ 

sit ^Mst-ts^iM. 

k . HfflB^^iMXgtTMtP^^^^-^tfctt 
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[0001] 
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-y 3 >M (l^^fi&Bft^^ife^Bft*) ^^ft 

mwffl^^a^ 4. fix i ^ . cicoj; 5 ^mtftffl^^ 

[000 3] JKfiTIi, iSK^ofiJffl^ (ilK^) kffij 

zk&TZ&mmmmimw (mmmm^mu) comm 

i>m^ilX^&<, Wi.«f, Wl 0-288960 
Pfffl^SWi, El 1 0 fcjjrt =t iiz.ni ^BfftWIB 

tt^iwgp 9 1 k . m 2 ob^w mm&mmm 92k. 

k , ^5Sii9 5 fc . mm9 6 k . ±a*au9 7 k , m 
^SP9 s k £ff iT«ij£$*is . ffi 1 <mmmm& 

9&i,z$tt$itmmz&f&Lx®i&imm*)Wz.mffl 

[0004] «*&flJffi«J0#i.®J«g|I9 3(4. ^1 OB 

«ffl#f*^sijePSiT 9 1 svb 2 <Dmismmmmm 9 

"9 #ifM»Sl3 9 3 (4. 17 r k OB«flBB^« 0 
fit PfflH LTs ±^SP 9 7 &tfIiJ*^;gE 9 8«S* 
SMS^lCflJOiiS. ¥3Sit9 5(4. 

)V9 A^^mM^titzm^tL^m^^h r 
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¥mM9 514, ifilS-frJtSS5K3l£L*±ft* 
SP 9 7 KJHBt L , * ii. . KM S ^5ta^^ L £ RSf « 9 

So ±a^gP9 7St^1'Ja^g|59 8(i:. OBES*^*: 

o , mAtmm o #iM»a5 9 3 a»&<o*ffiw»fc «t 
[0005] ^<7)£o &m&t<nmmmm*§£m&. she 

«fc £ SSteflJ 0 # £. "CJKfi^^ 9 4 S 

**iKfl^S5^'<*^9 4fc^S-fr*|R£, ¥31119 5 
*i«*Lfca^3eL*, ±ft^gg9 7£Tit$£tf&.r 

|W|Si#fflom&£^ll^^/V9 4 fc^S-frilR 

Tjf®£-tf£ Ztl/Zi. 0, ©ijft*g|59 8 tTUKt^fi^ 

7 & WW*^» 9 8 £ ^ L T , S'J * OHft £ »T h Z 
k#TS4. 
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(57) Abstract 



A liquid crystal display (70) creates two viewing areas (view A and view B) which are visible from opposite sides of the display. 
The liquid crystal display comprises a first light layer (72), which reflects or emits light to create a display for a first view. The first layer 
(72) is adjacent to a first surface of a series of intervening liquid crystal display layers (74, 76, 80, 82, 84, 86, 88, 90, 92) which perform 
additional functions to create the display for the first view and for a second view. The first light layer only partially covers the series of 
intervening liquid crystal display layers. The liquid crystal display also comprises a second light layer (94) adjacent to a second surface 
of the series of intervening liquid crystal display layers. The second light layer (94) is positioned so as to create a display for the second 
view which is not blocked by the first light layer (72). The second light layer (94) only partially covers the second surface of the series of 
intervening liquid crystal display layers so as not to block the display created for the first view. 
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DUAL VIEW LCD ASSEMBLY 
BACKGROUND OF THE INVENTION 

I Field of the Invention 

The invention relates to electronic displays. More particularly, the 
invention relates to liquid crystal displays. 

II Description of the Related Art 

Liquid crystal displays (LCD) are used to provide a visual user 
interface for electronic equipment. LCDs dominate the portable display 
market because they consume a reasonably small amount of power while 
providing an aesthetically pleasing means of providing information to a 
user. In addition, LCDs are small in size, light in weight, durable and 
inexpensive. 

Figure 1 is a cross-sectional view of a typical LCD assembly. The liquid 
crystal fluid 20 is the active medium which is used to create the viewing 
image. The liquid crystal fluid 20 is confined within a reservoir. The liquid 
crystal fluid 20 consists of a very large number of elongated crystals 
suspended in a fluid. The reservoir which holds the liquid crystal fluid 20 is 
sandwiched between two aligning layers 30. 

The aligning layers 30 are sandwiched between a front transparent 
electrode 28A and a rear transparent electrode 28B. Together, the aligning 
layers 30 and the front and rear transparent electrodes 28 are used to impress 
an electronic field upon the liquid crystal fluid 20 in the reservoir. The 
reservoir is closed by the seals 32. The reservoir assembly is sandwiched 
between two thin sheets of glass 22 A and 22B. A front polarizer 24 A is 
bonded to the outside surface of the front glass sheet 22A. A rear polarizer 
24B is bonded to the glass sheet 22B. A reflector 26 is bonded to the rear 
polarizer 24B. 

As incident light of random polarization strikes the front polarizer 
24A, only that portion of the incident light which is polarized in the same 
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manner as the front polarizer 24 A passes through the front polarizer. The 
remainder of the incident light is reflected or absorbed. The polarized light 
passes through the glass sheet 22A, the front transparent electrode 28A and 
the front aligning layer 30A. The polarized light then strikes the liquid 
crystal fluid 20 in the reservoir. When no electric field is applied to the 
liquid crystal fluid 20, the polarization of the light is changed as it passes 
through the spiraling crystals of the liquid crystal fluid 20. The light then 
passes through the rear aligning layer 30B and the rear transparent electrode 
28B and the rear glass sheet 22B. The rear polarizer 24B has a polarization 
which is aligned opposite to the polarization of the front polarizer 24A. In 
general, if two polarizers having opposite polarization are stacked one upon 
the other, no light passes through both layers because only the light with the 
polarization of the top layer reaches the rear layer and none of that light 
passes through the rear polarizer because it is polarized in the opposite 
direction. However, in this case, the spiraling crystals in the liquid crystal 
fluid have randomized the polarization of the light which strikes the rear 
polarizer 24B. The light which is aligned with the rear polarizer 24B passes 
through the rear polarizer 24B and strikes the reflector 26. The light follows 
the corresponding reverse path back through the liquid crystal display 
elements. In this way, a transparent path through the assembly is provided 
and the viewer sees the light colored surface of the reflector 26. 

The function of the front transparent electrode 28A and the rear 
transparent electrode 28B is to impress an electric field on the liquid crystal 
fluid 20. When an electric field is applied, the spiraling crystals in the liquid 
crystal fluid 20 untwist and align themselves with the field. The polarized 
light which passes through the aligned liquid crystal fluid 20 is not twisted 
and randomized but passes through retaining its original polarization. 
Thus, the light which strikes the rear polarizer 24B is out of phase with 
polarization of the rear polarizer 24B and does not pass through but is 
absorbed. In the absence of the reflected light, the display looks dark or 
opaque. By selectively applying the electric field in a desired pattern, an 
image can be created on the liquid crystal display. 
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In the embodiment shown in Figure 1, the liquid crystal display 
operates based upon ambient light. However, to make the screen visible in 
the absence of sufficient ambient light, liquid crystal displays have been 
developed which use transmissive, reflective and transflective light. For 
5 example, Figures 2A, 2B and 2C show three different types of liquid crystal 
displays. Figure 2 A shows a reflective design such as the one shown in 
Figure 1. In Figure 2A, the reflector 26 reflects ambient light in order to 
create an image. Figure 2B shows a transflective liquid crystal display. In a 
transflective liquid crystal display, the reflector 26 is replaced with a 

10 transflector 42. As the name implies, the transflector is partially 
transmissive and partially reflective allowing a back-lit display to be visible 
in any lighting conditions. The transmissive liquid crystal display shown in 
Figure 2C uses neither a reflector nor a transflector and allows backlighting 
to shine through unattenuated as depicted and can be used in environments 

15 which are dimly lit. The transflective liquid crystal display such as the one 
shown in Figure 2B is by far the most popular because with the addition of a 
back-light, the LCD can create a display which is visible in many lighting 
conditions from very bright to very dark. 

One critical feature of selecting the proper liquid crystal display for a 

20 given environment is the type of backlighting used. If the ambient light is 
dim or non-existent, some means of artificial light must be provided. This 
can be accomplished, for example, by the use of an electroluminescent panel, 
a light-emitting diode array or a cold cathode fluorescent lamp. 
Electroluminescent backlight uses a thin panel which, when excited by an 

25 A.C. voltage at about 80 volts and about 400 hertz, glows with a soft, even 
light. Typically, a D.C. to A.C. converter is used to obtain the A.C. driving 
voltage from a 3.6, 5 or 12 volt battery source. Electroluminescent back-lit 
panels are available in a variety of colors. Electroluminescence is the most 
efficient of the three common types of backlighting and, therefore, it is 

30 commonly used with battery operated applications. 

In a light-emitting diode array liquid crystal display, a series of light- 
emitting diodes are arranged either along the edge of or behind a diffuser to 
provide a bright, even backlight to the display. Typically, the light-emitting 
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diodes are powered from a 5 volt power supply through a series of current 
limiting resistors. Light-emitting diode LCDs are moderately bright and very 
long lasting and are popular backlighting for small to medium-size displays. 
They typically consume more power than electroluminescent backlighting 
5 but are brighter. When the cost of the converter is considered, they can be 
more economical than electroluminescent backlighting. Light emitting 
diode backlights are available in a variety of colors with yellow-green being 
one of the most popular. 

Cold cathode fluorescent lamp backlighting can provide moderately 

10 bright illumination over a large area and is the most common light source 
used with large panel displays. This type of backlighting can provide a paper 
white color and, therefore, can be used with color displays. Cold cathode 
fluorescent lamps require a high-voltage, high-frequency source of power so 
they typically also require the use of a D.C to A.C. converter. 

15 In general, a liquid crystal display module consists of a printed circuit 

card which supports and connects surface mount integrated circuits and 
other electronic components associated with driving the display. The rear 
glass sheet has metallic contacts around the periphery of the bottom surface. 
An elastomer connector can be used to provide an electrical connection 

20 between the rear glass sheet and the plated metal contacts on the printed 
circuit board. A metal bezel can be used to hold the rear sheet of glass in 
contact with the elastomeric connector and the printed circuit board. The 
backlight diffuser, if used, can be placed between the printed circuit board 
and the rear sheet of glass. 

25 As noted above, LCDs are extremely common in many types of 

electronic devices. For example, Figure 3 shows a portable folding phone 50. 
The portable folding phone 50 comprises an LCD assembly 52 such as those 
just discussed. When a folding lid 62 is opened, the LCD assembly 52 is 
visible through an LCD window 54. The folding phone 50 also comprises a 

30 keypad 56 which the user touches to enter information such as telephone 
numbers into the folding phone 50. Beneath the keypad 56 are keypad 
switches 58 which detect the depression of the keypad 56 keys. Beneath the 
keypad switches 58, a circuit card 60 comprises the integrated circuits and 
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other electronic components necessary to operate the folding phone 50. For 
example, in addition to the circuits necessary to establish wireless 
communications, the circuit card 60 comprises the LCD driver as well as by- 
pass capacitors and any special power supply components needed to operate 
5 the LCD assembly 52. 

The LCD assembly 52 can be used to provide information to the user. 
For example, it can be used to provide feedback information concerning the 
entries received through the keypad 56 from the user. It can be used to 
provide information as to stored numbers and functions. In addition, it can 
10 provide an indication of the identity of an incoming call, such as a caller ID, 
if such information is available. In a typical configuration, the portable 
folding phone 50 rings upon detection of incoming calls even when the 
folding lid 62 is closed. In order to ease the answering process, in some 
embodiments, opening the folding lid 62 when an incoming call is ringing 
15 answers the call. Thus, unless the folding lid 62 comprises a window 
through which the LCD assembly 62 is visible, the user is unable to examine 
any caller ID information available on the LCD assembly 62 before the call is 
answered. Because the user can be charged for incoming calls, it can be 
important to the user to know the identity of the calling party before 
20 accepting the call. 

Phone designs including a window in the folding lid 62 through 
which the LCD assembly is visible are not always optimal and, based upon 
the organization of the other phone components, may not be possible to 
provide in some phone designs. In the configuration shown in Figure 3, the 
25 majority of the circuit elements are located in the bottom portion of the 
folding phone 50. However, in many embodiments, the folding lid 62 
comprises a substantial portion of the electronics which are used to operate 
the phone. For example, in some folding phone designs, each of the hinged 
portions of the phone comprise a circuit board such as those necessary to 
30 operate an ear-piece speaker and to operate a mouthpiece microphone. 
Accordingly, in such a design, it is not optimal and, in fact, may not be 
reasonably possible to provide a window through the covering portion of 
the flip lid 62. 
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In one embodiment, the LCD assembly may be moved to the backside 
of the phone so that it is visible when the folding lid is closed. In order for 
the LCD assembly to provide feedback information to the user, it is 
advantageous to have the LCD mounted on the same side of the phone as 
5 the keypad. However, it is not desirable to mount the keypad on the 
external surface of the phone because of the harsh environment which it 
may be subjected to and because the keys may be inadvertently depressed. 

In another embodiment, two separate LCD assemblies may be 
provided: one which is visible when the folding lid is open and one which 

10 is visible when the folding lid is closed. However, inclusion of two LCD 
assemblies requires the inclusion of two LCD driver integrated circuits 
including by-pass capacitors and the inclusion of two mounting means as 
well as additional driving software. Therefore, inclusion of two LCD 
assemblies may not be practical. Therefore, there has been a need in the 

15 industry to provide a method and apparatus for a more versatile LCD which 
overcomes the limitations of the prior art. 



SUMMARY OF THE INVENTION 

20 A liquid crystal display creates two viewing areas which are visible 

from opposite sides of the display. The liquid crystal display comprises a first 
light layer which reflects or emits light to create a display for a first view. 
The first light layer is adjacent to a first surface of a series of intervening 
liquid crystal display elements which perform additional functions to create 

25 the display for the first view and for a second view. The first light layer only 
partially covers the series of intervening liquid crystal display element. 

The liquid crystal display also comprises a second light layer adjacent 
to a second surface of the series of intervening liquid crystal display element. 
The second light layer is positioned so as to create a display for the second 

30 view which is not blocked by the first light layer. The second light layer only 
partially covers the second surface of the series of intervening liquid crystal 
display elements so as not to block the display created for the first view. 
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In one embodiment, the liquid crystal display is mounted within a 
housing having windows on opposite sides so that the first and second views 
are visible from first and second sides of the housing, respectively. In another 
embodiment, the liquid crystal display is controlled and powered by a single 
5 set of driving components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objectives, and advantages of the invention will become 
more apparent from the detailed description set forth below when taken in 
10 conjunction with the drawings: 

Figure 1 is a cross-sectional view of a typical LCD assembly. 

Figures 2A, 2B and 2C are cross-sectional views illustrating LCDs 
comprising a reflective, transmissive and transflective light layer. 

Figure 3 is a assembly drawing of a portable folding phone. 
15 Figure 4 is a cross-sectional view showing a dual view LCD assembly 

according to the invention. 

Figure 5 is a assembly drawing of a portable folding phone comprisinga 
dual view LCD assembly according to the invention. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Providing an efficient andeffective visual display is an important factor 
in designing an electronic device which provides the performance necessary 
for commercial success. While the aesthetic nature and the practical purpose 

25 of the display are important, it is also important that the display operate 
efficiently on the available power resources and that it occupy a reasonable 
amount of space including mounting structures and driving components. 
The dual view liquid crystal display assembly described below elegantly 
addresses these factors in cases where it is advantageous to provide a display 

30 on two opposite sides of a device. 

Figure 4 is a cross-sectional view showing a dual view LCD assembly 
according to the invention. The dual view LCD assembly 70 operates in 
accordance with common LCD technologies while providing a new dual view 
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feature. As noted by the view A and view B indications on Figure 4, the dual 
view LCD assembly 70 provides a visible display from the two display surfaces. 
The LCD assembly 70 is comprised of a series of layers pictured horizontally in 
Figure 4. 

5 A view A reflector 72 reflects ambient light. In an alternative 

embodiment, backlighting is used according to standard means available in 
the industry. Relative to view A, in front of the view A reflector 72 is a 
polarizer 74. The polarizer 74 continues past the edge of the view A reflector 
72 such that it acts as the rear polarizer for view A while acting as the front 
10 polarizer for view B. In this way, the view A reflector 72 only partially covers 
the polarizer 74. A sheet of glass 76 also extends past the edge of the view A 
reflector 72 such thatthe sheet of glass 76 acts as the rear glass sheet for view A 
while acting as the front glass sheet for view B. The seals 78 are used to create 
a reservoir for the liquid crystal fluid 84. The liquid crystal fluid 84 functions 
15 in a similar manner for both view A and view B. A transparent electrode 80 
extends past the edge of the view A reflector 72 so that it acts as the rear 
transparent electrode for view A while acting as the front transparent 
electrode for viewB. In a similar manner, the aligninglayer 82 acts as the rear 
aligning layer for view A while acting as the front aligning layer for view B. 

Continuing in a symmetrical manner, an aligning layer 86 operates as 
the front aligning layer for view A while acting as the rear aligning layer for 
view B. A transparent electrode 88 acts as the front transparent electrode for 
view A and the rear transparent electrode for view B. A sheet of glass 90 acts 
as the front sheet of glass for the view A and as the rear sheet of glass for the 
view B. A polarizer 92 acts as the front polarizer for view A and the rear 
polarizer for view B. A view B reflector 94 reflects natural light to provide a 
visible display to viewB. The view B reflector 94 does not cover the entire 
polarizer 92 such that it does not block the display provided to view A. In an 
alternative embodiment, the reflector 94 may be replaced with an element 
which provides backlighting according to well-known techniques. 

Thus, a dual view LCD assembly is created such that the reflector 72 
provides a display to view A and the reflector 94 provides a display to view B. 
As shown in Figure 4, a median line 96 which perpendicularly bisects the dual 
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view LCD assembly 70 can be chosen such that it intersects neither the reflector 
72 nor the reflector 94. In other embodiments, the median line may intersect 
both the view A reflector 72 and the view B reflector 94. In yet another 
embodiment, the edge of the view A reflector 72 and the edge of the view B 
5 reflector 94 may each align themselves with a median line. In other 
embodiments, the view A and view B reflector light layers may be 
irregularly shaped or even discontinuous. In the general embodiment, a first 
reflector or artificial light source is disposed on one surface of the 
intervening LCD layers and a second reflected or artificial light layer is 

10 disposed on the other surface of intervening LCD elements, such as, for 
example, the layers described above, so that each of the reflectors or artificial 
light sources act to provide a light to one of two distinct views of the display. 
The size and relative placement of the reflectors or artificial light sources 
depend upon the application in which the dual view LCD assembly will be 

15 used 

Figure 5 is a diagram showing a portable folding phone 98 comprising a 
dual view LCD assembly 70 according to the invention. In the embodiment 
shown in Figure 5, the LCD assembly is mounted within a first housing 
portion 95 of the folding phone 96 while a keypad 104 is associated with a 
second portion 97. The view B display of the dual view LCD assembly 70 is 
visible through an exterior window 100 in the device housing. The view A 
display of the dual view LCD assembly 70 is visible through an interior 
window 102 in the device housing. When the folding phone 98 is in a folded 
closed configuration the view A display is obscured but the view B display is 
exposed. 

The folding phone 98 comprises a circuit card 106 which carries driving 
components 108 which drive the dual view LCD assembly 70 including 
hardware and software components and power supply conditioning. Because 
the dual view LCD assembly 70 is one unit, a single set of driving components 
108 can power and control the dual view LCD assembly 70. In addition, only 
one set of connecting circuits needs to be routed through a hinge 110 which 
connects the two portions of the folding phone 98. The unitary design of the 
dual view LCD assembly 70 can provide greater structural integrity than two 
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separate LCDs provide. The dual view LCD assembly is also physically smaller 
than two separate LCD assemblies would be. The dual view LCD assembly 70 
also requires a single mounting structure rather than two which would be 
required if two separate LCD assemblies were used All these things together, 
5 result in a lighter weight phone 98 which consumes less power. 

In the embodiment shown in Figure 5, the view A display is larger and 
provides more information to the user than the view B display. The view B 
display can be used to provide such information as the identity of an incoming 
call, the current state of the battery and the signal strength currently being 
10 received or other information of benefit to the user while the folding phone 
98 is closed. 

In another embodiment, the backlighting on the view A and view B 
portions are independently controlled by either hardware or software 
components, for example, in order to reduce the power consumption of the 

15 phone. In this way, in the embodiment shown in Figure 5, the view A display 
neednotbe back-lit when the phone is closed. In addition, the view B display 
backlighting may be disabled when the phone is opened, especially, for 
example, if the information in the viewB display is redundant to information 
available in the view A display. For privacy, the view B display may be 

20 blanked when the phone is opened. In one embodiment, view A operates 
with reflected light and view B operates with artificial light or vise versa. 

In one embodiment, the dual view liquid crystal display is 
manufactured by providing first and second light layers. The first light layer 
is coupled to a first surface of a plurality of liquid crystal display elements 

25 such that the first light layer at least partially covers the first surface. The 
second light layer is coupled to a second surface of the plurality of liquid 
crystal display elements such that the second light layer at least partially 
covers said second surface. 

The invention may be embodied in other specific forms without 

30 departing from its spirit or essential characteristics. The described 
embodiment is to be considered in all respects only as illustrative and not 
restrictive and the scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. All changes which 



WO 00/36578 PCT/US99/29918 

11 

come within the meaning and rang? of equivalency of the claims are to be 
embraced within their scope. 
WHAT IS CLAIMED IS: 
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CLAIMS 

1. A liquid crystal display comprising: 
a first light layer; 

a plurality of intervening liquid crystal display elements, together 
defining first and second opposite surfaces, wherein said first surface is 
adjacent to said first light layer and at least partially covered thereby; and 

a second light layer adjacent to and at least partially covering said 
second surface of said plurality of intervening liquid crystal display 
elements. 

2. The liquid crystal display of Claim 1, wherein said first light 
layer is at least partially reflective. 

3. The liquid crystal display of Claim 1, wherein said first light 
layer provides artificial light. 

4. The liquid crystal display of Claim 1, wherein the liquid crystal 
display is mounted within a housing such that a first viewing area created by 
said first light layer is visible through a first window on a first side of said 
housing and such that a second viewing area created by said second light layer 
is visible through a second window on a second side of said housing. 

5. The liquid crystal display of Claim 1, further comprising a 
single set of driving components for controlling and powering said liquid 
crystal display. 

6. The liquid crystal display of Claim 1, wherein said plurality of 
intervening liquid crystal display elements are disposed in layers. 

7. A method of manufacturing a dual view liquid crystal display, 
comprising the steps of: 

providing a first light layer; 
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4 coupling said first light layer to a first surface of a plurality of liquid 

crystal display elements such that said first light layer at least partially covers 
6 said first surface; 

providing a second light layer; and 
8 coupling said second light layer to a second surface of said plurality of 

liquid crystal display elements such that said second light layer at least 
10 partially covers said second surface. 

8. The liquid crystal display of Claim 7, wherein said first light 
2 layer is reflective. 

9. The liquid crystal display of Claim 8, wherein said second light 
2 layer provides artificial light. 

10. The liquid crystal display of Claim 7, wherein said first light 
2 layer provides artificial light. 

11. The method of Claim 7, further comprising the step of 
2 disposing said first and second light layers and said plurality of liquid crystal 

display elements within a housing such that a first viewing area created by 
4 said first light layer is visible through a first window on a first side of said 

housing and such that a second viewing area created by said second light layer 
6 is visible through a second window on a second side of said housing. 

12. A dual view liquid crystal display, comprising: 
2 a first light layer; 

means for coupling said first light layer to a first surface of a plurality 
4 of liquid crystal display elements such that said first light layer at least 

partially covers said first surface; 
6 a second light layer; and 

means for coupling said second light layer to a second surface of said 
8 plurality of liquid crystal display elements such that said second light layer at 
least partially covers said second surface. 
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13. The liquid crystal display of Claim 12, wherein said first light 
layer is at least partially reflective. 

14. The liquid crystal display of Claim 12, wherein said first light 
layer provides artificial light. 

15. A device having multiple surfaces, for communication of 
information to a user, the device comprising: 

a dual view liquid crystal display comprising: 
a first light layer; 

a plurality of intervening liquid crystal display elements, 
together defining first and second opposite surfaces, wherein 
said first surface is adjacent to said first light layer and at least 
partially covered thereby; 

a second light layer adjacent to and at least partially 
covering said second surface of said plurality of intervening 
liquid crystal display elements; and 

a housing mounted to said dual view liquid crystal display having a 
first viewing area created by said first light layer which is visible through a first 
window on a first side of said housing and a second viewing area created by 
said second light layer which is visible through a second window on a second 
side of said housing. 

16. The device of Claim 15, further comprising a circuit card 
disposed within said housing, said circuit card bearing a single set of driving 
components for controllingand powering said liquid crystal display. 

17. The device of Claim 16, wherein said driving components 
independently control an amount of light provided by said first and second 
light layers. 
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18. The device of Claim 15, wherein said housing defines a folding 
phone configuration and wherein said first viewing area is obscured when 
said housing is in a folded closed configuration and wherein said second 
viewing area is exposed when said housing is in said folded closed 
configuration. 

19. The device of Claim 15, wherein said housing is a telephone 
housing. 



20. The device of Claim 19, wherein said second viewing area is 
configured to provide caller identification information when an incoming 
call is received by said device. 
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Display Device 

The present information relates to a display device. More particularly, but not 
exclusively, the invention relates to a display device for displaying a plurality of images. 

For the purposes of this document, the word 'image' is used very broadly and 
includes anything that an observer might wish to view, for whatever reason. Hence the 
expression covers aspects of real articles, such as clock faces, as well as representations, 
such as photographs or pictures. For the avoidance of doubt, an image within the 
context of this document may have it's appeal in it's aesthetic qualities, it's 
informational content or a combination of the two. What is more, such an image may be 
static or moving. 

If a display device is to display an image effectively, the image must be clearly 
visible from the intended observer's viewpoint. Hence, the image must appear suitably 
large at that viewpoint. If two or more images are to be observed from substantially the 
same viewpoint, then each must fulfil the same requirement. In certain circumstances 
this has caused problems - generally where space is limited and the respective sizes of a 
plurality of images should not be reduced to the extent necessary for each to be 
accommodated. In certain conventional arrangements, this has inevitably led to 
compromises which have resulted in either the clarity of the images being compromised 
as a consequence of size reduction, or the omission of one or more images. 

Solutions to this problem have been provided in the form of displays which 
mechanically replace one image in a viewing area with a subsequent image. However, 
these are generally complex and, therefore, expensive and often bulky. Alternative 
arrangements have included projection devices, but these suffer from similar drawbacks 
and are only suitable in a limited number of environments, in any case. Alternative 
solutions include electrical or electronic displays (such as television screens and the 
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like), but these are also relatively expensive and are limited in terms of the type and 
quality of image that can be presented. 

The present invention sets out to provide a display device for displaying a 
plurality of images, to an observer located at a viewpoint, which has a relatively simple 
structure , is inexpensive to manufacture and which can display a wide variety of 
different types of images. 

Accordingly, the invention provides a display device comprising first image 
providing means and second image providing means and a prism; wherein the said first 
image providing means is disposed in a region adjacent a first face of the prism and the 
said second image providing means is disposed in a region adjacent a second face of the 
prism; the device being adapted to display an image provided by the said first image 
providing means in a third face of the prism; and adapted to display an image provided 
by the said second image providing means in the said third face of the prism; the 
arrangement being such that an observer may view the said first image providing means 
and the said second image providing means through substantially the same part of the 
said third prism face by viewing the said third prism face from two different angles. 
Such an arrangement enables a display device according to the invention to display a 
plurality of images which an observer may view with only a slight shift in viewing angle 
(and no change in viewpoint). The observer can view either of the images at full size, at 
will, and without having to operate any controls. 

Preferably the prism is a right angle prism, and the said first face of the prism is 
adjacent the right angle and the said second face of the prism is the hypotenuse face. 

The display device may further comprise a base, the said base supporting the 
said prism by a portion thereof situated adjacent the said first face of the prism or by the 
said first face of the prism itself. 
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The base may accommodate an instrument for providing a reading; the said 
instrument defining the said first image providing means. The instrument may be a 
clock, thermometer, barometer, or calculator. The base may be provided with control 
means for controlling the instrument without removing it from the base. The control 
means may take the form of a keypad situated on an outer surface of the base. 

The base may comprise a recess for receiving a portion of the said prism. The 
device may further comprise support means for supporting the said prism by a portion 
thereof situated adjacent the said second face of the prism or by the said second face of 
the prism itself In a particularly preferred embodiment, the said support means is in the 
form of a plate. 

Preferably, the plate comprises a recess for accommodating the said second 
image providing means. The plate may be slid relative to the prism, so as to allow 
access to the said recess. 

In a particularly preferred embodiment, the movement of the plate is restricted, 
so as to ensure that the plate maintains its support for the prism during the course 
thereof 

The device may include other types of prism, rather than a right-angle prism. In 
such a case, the prism may be a porro prism, a dove prism, an Amici prism, a 
pentaprism or a rhomboid prism. 

These and other preferred features of the invention are set out in the appended 

claims. 

Embodiments of the invention will now be described by way of example and 
with reference to the accompanying drawings in which:- 
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Figure 1 is a wire-frame view of a back-plate and base of a display device 
according to a first embodiment of the invention; 

Figure 2 is a perspective view of the complete display device of Figure 1 ; 

Figure 3 is a view of a back-plate of the display device of Figures 1 and 2; 

Figure 4 is a cross-sectional view of the display device of Figures 1 to 3; and 

Figures 5 to 7 are perspective views of three further embodiments of the 
invention. 

Referring to Figures 1 and 2, it will be seen that a first embodiment of a display 
device 2 according to the invention comprises a base 4, a right-angle prism 6 and a 
back-plate 8. 

The base 4 has a front face 16, a seat face 1 8 and a bottom face 20. It also 
comprises two substantially parallel side faces 22. 

The seat face 18 of the base 4 is provided with a rectangular recess 19 that is 
essentially defined by an upstanding lip 2 1 . The recess 1 9 is configured to 
accommodate one of the right-angle faces 26 of the prism 6, which is provided with a 
slightly rebated edge 7, in order to allow it to fit comfortably within the recess 19. The 
base 4 is also provided with a clock recess 30. An access bore 31 opens into the rear of 
the clock recess 30 and extends from the bottom face 20 of the base 4. 

A clock 9 is housed within the clock recess 30 and, therefore, sits underneath the 
right angle face 26 of the prism 6 that is seated within the prism recess 19. 
Conventional means (not shown) for adjusting the clock 9 are provided on its rear 
surface and these can be accessed from the bottom face 20 of the base 4, via the access 
bore 3 1 , in order to adjust the clock 9 as necessary. 

The clock 9 is a reverse-readout clock, that is to say one in which the hands 
move anti-clockwise and in which the face is a mirror-image of a traditional clock-face. 
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It will be noted that the overall shape of the base 4 is such as to carry-through the 
configuration of the prism 6 and, when the base 4, prism 6 and back-plate 8 are 
assembled together, as shown in Figure 2, the overall shape of the display device 2 is 
essentially prismatic in total. Of course, providing that the base 4 provides support for 
the prism 6 and can accommodate the clock 9 (or some other instrument or image) the 
base 4 may have any other shape that is desired. 

The back-plate 8 is secured to the base 4 by means of a pair of sprung 
countersunk pins 14. These pins 14 engage with slots 10 provided at the lower end of 
the back-plate 8. The back-plate 8 is also provided with an overhanging lip 1 1, which 
extends along its top-edge. 

The back-plate 8, by virtue of being secured to the base 4 in this manner, 
effectively holds the prism 6 in place within the display device 2. The overhanging lip 
1 1 provides extra security in this respect. The back-plate 8 also provides protection for 
the prism 6. 

As can be seen more clearly in Figures 3 and 4, the back-plate 8 is provided with 
a picture recess 32 on its side which faces the prism 6 in the assembled structure. 

By virtue of the relationship between the slots 10 and the pins 14, the back-plate 
8 can be slid to one side, so that a picture, photograph or some other basically laminar 
object can be fitted into the picture recess 32, so that when the back-plate 8 is returned 
to the position shown in Figure 2, it is sandwiched between the back-plate 8 and the 
hypotenuse face 24 of the prism 6. Of course, other mechanisms may be provided for 
inserting a picture or the like between the back-plate 8 and the prism 6, but the 
described arrangement has the advantage of keeping the prism 6 securely in place 
throughout the whole operation. 

The thus assembled display device 2 operates as follows. The clock face is 
internally reflected by the hypotenuse face 24 of the prism and can be viewed if the line 
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of sight of the observer is at greater than an angle 0 C to the normal to the hypotenuse 
face 24. 9 C is the critical angle for light incident from the clock face to undergo total 
internal reflection at the glass/air boundary (see Fig. 4). The critical angle G c is 
determined as follows: Gc^sin" 1 (n 2 /ni) where n 2 is the refractive index of air (for most 
purposes this can be taken as equal to 1) and nj is the refractive index of the glass from 
which the prism is made. Hence 0 C will vary for different types of glass, although in 
most cases it will be around 40°. This internal reflection has the effect of reversing the 
image of the clock face, which therefore appears as a normal clock face to the observer. 

If the line of sight is altered, such that it is along a path having an angle less than 
0 C relative to the normal, the reflection of the clock face is initially combined with that 
of the object behind the hypotenuse face 24 and, as the angle is reduced still further (to 
about 20°), the reflection of the clock face becomes secondary to the object behind the 
hypotenuse face 24 and the image of that object effectively becomes primary. 
Eventually, as the angle is reduced still further, the image behind the hypotenuse face 24 
becomes visible instead of the clock face at a normal angle of incidence. Hence, with 
only a slight shift in viewing angle (and no change in viewpoint), the observer can view 
either of the two images at full size, at will, and without having to operate any controls. 

The above embodiment merely serves to show the principle behind the 
invention. Many other static or moving images could be substituted for that of the clock 
face. Naturally, pictures or photographs could be used. However, suitable images could 
also be provided by a calendar, a thermometer, a barometer, a calculator display or some 
other instrument read-out. The same can be said of the images located adjacent the 
hypotenuse face 24. Additionally, the back-plate could be omitted and the hypotenuse 
face 24 of the prism 6 could be printed with an image, or some larger object could be 
positioned adjacent the hypotenuse face 24. 

The base may be made of a wide variety of suitable materials. It may also 
include other features on its front face 16, or its side face 22. For example, it might 
include a calculator key pad; in such a case, the calculator display could be located in 
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the clock recess 30 in place of the clock. The display would then be read through the 
prism 6. Alternatively, the base 4 might include a pen holder or other desk accessory. 
A company name or personal logo could be printed on the base 4 or be situated in either 
the clock recess or the picture recess. 

The prism may be formed from glass, Perspex, acrylic or other transparent or 
translucent materials. It may be plain or have a clock face located on its front right 
angle surface 28. 

Figure 5 shows an embodiment similar to the embodiment of Figures 1 to 4, but 
in this case, the back-plate is omitted. Due to the omission of the back-plate 8, the 
prism 6 is affixed to the base 4 by an adhesive. 

Figure 6 shows a display device generally similar to that shown in Figure 5, but 
in this case the overall design is curved and the prism has an elliptical hypotenuse face 
24 and a circular right-angle face 26 adjacent the base 4. 

Figure 7 shows an arrangement in which the right-angled prism is replaced by an 
elongate prism 6 which is effectively squared off at one end, and has the form of a 
rhomboid prism at the other. In this case, one of the images (once again, a clock in this 
example) is situated adjacent the squared end, and reflects off the inclined face, which 
corresponds with the hypotenuse face 24 of the previous examples. Any further image 
to be used in conjunction with the image of the clock will be positioned upon the rear of 
the inclined face. 

Many further modifications and variations will be suggest themselves to those 
versed in the art upon making reference to the foregoing illustrative embodiments of the 
invention, which are given by way of example only, and which are not intended to limit 
the scope of the invention, that being determined by the appended claims. 
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CLAIMS: 

1 . A display device comprising first image providing means and second image 
providing means and a prism; wherein the said first image providing means is disposed 
in a region adjacent a first face of the prism and the said second image providing means 
is disposed in a region adjacent a second face of the prism; the device being adapted to 
display an image provided by the said first image providing means in a third face of the 
prism; and adapted to display an image provided by the said second image providing 
means in the said third face of the prism; the arrangement being such that an observer 
may view the said first image providing means and the said second image providing 
means through substantially the same part of the said third prism face by viewing the 
said third prism face from two different angles. 

2. A display device according to Claim 1 , wherein the prism is a right angle prism, 
and the said first face of the prism is adjacent the right angle and the said second face of 
the prism is the hypotenuse face. 

3. A display device according to Claim 1 or 2, further comprising a base, the said 
base supporting the said prism by a portion thereof situated adjacent the said first face of 
the prism or by the said first face of the prism itself 

4. A display device according to Claim 3, wherein the base accommodates an 
instrument for providing a reading; the said instrument defining the said first image 
providing means. 

5. A display device according to Claim 4, wherein the said instrument is a clock. 

6. A display device according to Claim 4, wherein the said instrument is a 
thermometer. 
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7. A display device according to Claim 4, wherein the said instrument is a 
barometer. 

8. A display device according to Claim 4, wherein the said instrument is a 
calculator. 

9. A display device according to any one of Claims 4 to 8, wherein the base is 
provided with control means for controlling the instrument without removing it from the 
said base. 

10. A display device according to Claim 9, wherein the control means is a keypad 
situated on an outer surface of the said base. 

11. A display device according to Claim 9, wherein the control means are provided 
on the body of the instrument and the base contains a bore or aperture, via which the 
control means can be accessed. 

12. A device according to Claim 3, or any claim dependent upon Claim 3, wherein 
the said base comprises a recess for receiving a portion of the said prism. 

13. A device according to Claim 3, or any claim dependent upon Claim 3, further 
comprising support means for supporting the said prism by a portion thereof situated 
adjacent the said second face of the prism or by the said second face of the prism itself. 

14. A display device according to Claim 13, wherein the said support means is in the 
form of a plate. 

15. A display device according to Claim 14, wherein the said plate comprises a 
recess for accommodating the said second image providing means. 
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16. A display device according to Claim 15 wherein the said plate may be slid 
relative to the prism, so as to allow access to the said recess. 

17. A display device according to Claim 16, wherein the movement of the said plate 
is restricted, so as to ensure that the said plate maintains its support for the prism during 
the course thereof. 



18. A display device according to Claim 1 6 or 1 7, wherein one of the base and the 
plate is provided with a slot and the other of the base and the plate is provided with a 
projection for location within the slot in a sliding relationship so as to enable the sliding 
of the plate to take place, whilst securing the connection between the two. 

19. A display device according to Claim 1, wherein the said prism is a porro prism. 

20. A display device according to Claim 1 , wherein the said prism is a dove prism. 

21 . A display device according to Claim 1 , wherein the said prism is an Amici 
prism. 

22. A display device according to Claim 1, wherein the said prism is a pentaprism. 

23. A display device according to Claim 1 , wherein the said prism is a rhomboid 
prism. 
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Three Dimensional Display 
Background of the Invention 

5 

This invention relates to three dimensional displays, in particular 
three dimensional displays having enhanced contrast. 

A number of three dimensional displays are known. Some can 
10 present only static images, that is images which do not change. Others are 
dynamic, that is, they can present moving images. However, many prior 
art displays are cumbersome, requiring complex bulky and/or complex 
equipment. 

is The present invention provides a simple dynamic three dimensional 

display. 

Summary of the Invention 

A three dimensional display of my invention comprises: 
(a) a plurality of switchable screens arranged one behind the 

other, each screen being independently switchable between a 
strongly scattering and substantially transparent state; 
Ob) projection means for projecting a sequence of images, each 
image in the sequence corresponding to one of the switchable 
screens and forming part of an overall three-dimensional 
image; and 

(c) synchronized switching means for switching each switchable 
screen synchronously with the projection of the sequence of 
images by the projection means, such that a particular 
switchable screen is in its strongly scattering state when 
image corresponding thereto is being projected and is in its 
substantially transparent state at least when the image 
corresponding to another screen is being projected and the 
particular screen is positioned between that another screen 
and either the projector or the viewer. 
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Brief Description of the Drawing^ 

Figures la and lb show a front projection display of this invention. 

Figures 2a and 2b show a front projection display of this invention 
having a dark background screen for enhanced contrast. 



Figures 3a and 3b show a rear projection display of this invention. 

10 

Figures 4 and 5 show schematically single and multiple projector 
arrangements, respectively, for displays of my invention. 

Description of the Preferred EmhndWTitg 

15 

In the display of this invention a three-dimensional effect is achieved 
by sequentially projecting portions of an overall three dimensional image. 
Each portion is projected onto a different screen, the screens being 
arranged one behind the other. Each screen is independently switchable 

20 between a substantially transparent state and a strongly scattering state. 
When the image corresponding thereto is being projected, a screen is in its 
strongly scattering state. When the image corresponding to another screen 
is being projected, the screen is switched to its substantially transparent 
state, to permit light from the projector to reach that another screen, or to 

25 permit the viewer to see the image formed on that another screen, or both. 

In order to present a realistic three dimensional image, the eye has 
to fuse the individual images together. This can be achieved if the total 
sequence of images is shown at a repetition rate greater than the critical 
30 flicker frequency, generally between 50 and 70 Hz, depending on the picture 
size and brightness. 

Referring now to the Figures (where like numerals designated like 
parts), Figures la and lb show a front projection display 1 of this invention. 
35 Switchable screens 2a-2e are arranged one in front of the other. In Figure 
la, projection means 3 is shown projecting onto screen 2c, which is in its 
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strongly scattering state. To permit light from projection means 3 to reach 
screen 2c, screens 2d and 2e have been switched by synchronizing switch 4 
into their transparent state. The state of screens 2a and 2b is immaterial, 
since no light from projection means 3 needs to pass through them or is 
5 being projected on them at the moment shown, although as a matter of 
convenience in designing the synchronizer circuitry, it may be simpler to 
have them switched to the transparent state whenever an image is not 
being projected onto them. In Figure lb, projection means 3 is now 
projecting onto screen 2b, and synchronizing switch 4 has accordingly 

10 switched screen 2b to its scattering state (if it was not in that state already) 
and switched screen 2c to its transparent state to permit light from 
projection means 3 to reach screen 2b. It is preferred that each of screens 
2a-2e, when in its strongly light scattering state, scatter at least 90% of a 
beam of light collimated to within 5° impinging thereon outside of a 5° cone. 

is Conversely, it is preferred that each screen, when in its substantially 

transparent state, transmit at least 80% of the light impinging thereon. The 
overall three dimensional image is formed by the projection of a sequence of 
images on screens 2a-2e, with the switching between the various screens 
being sufficiently fast so that the human eye perceives not each image 

20 individually, but the aggregate three-dimensional image. It is to be 
understood that although in the Figures a five-screen arrangement is 
shown, this number is only illustrative. The three dimensional displays of 
this invention can be made with a greater or lesser number of switchable 
screens, according to the degree of three dimensional effect desired. 

25 

Figures 2a and 2b show another front projection display, having 
enhanced contrast. The display of these Figures differs from the display of 
Figures la-b in having a dark, light absorbing background screen 5 behind 
the switchable screens 2a-e. As before, projection means 3 projects a three- 

30 dimensional image portion-wise, one image for each depth plane of the 

overall image. However, projection means 3 has a duty cycle of less than 1:1 
— that is, it is not projecting all the time. There is an interval between the 
projection of consecutive image portions, during which the projector is 
dark. During such intervals, synchronizing switch 4 switches all of screens 

35 2a-2e to their transparent states, so that the viewer sees all the way through 
them to dark background screen 5. In this manner, the viewer sees a high 
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contrast display comprising bright image (when projection means 3 is 
projecting) against a dark background (when projection means 3 is not 
projecting). Typical duty cycles are about 1:10, and preferably are in the 
range between about 1:5 and about 1:200. 

5 

The synchronized switching of screens to achieve higher contrast is 
also described in US patent application no. 07/505,206; filed 5 April 1990, the 
disclosure of which is incorporated herein by reference. 

io Figures 3a and 3b show schematically a rear projection display 10 of 

this invention. The display operates similarly to that shown in Figures la-b, 
except that synchronizing switch 4 switches all the screens onto which an 
image is not being projected to their transparent state, so that light can 
either pass through them to the viewer (screens 2a and 2b in Figure 3a) or 

15 through them from the projection means to the screen onto which the 
image is being projected (screens 2d and 2e in Figure 3a). 

The projection means can be either a single projector projecting the 
various images in sequence, or can be an array of plural projectors 
20 operating in combination. For a low number of screens, for example 3 or 4, 
a single projector such as a cathode ray tube (CRT) projector can be used, 
running at a field frequency of 180 Hz. Figure 4 shows schematically a 
circuit arrangement with a single projector. 

25 Generally, the larger the number of image plances, the more 

realistic the three-dimensional impression perceived by the viewer. With a 
large number of image planes, it may be desirable to use 35 mm slide 
projectors, with one projector per plane, for stationary three dimensional 
images. For moving three-dimensional images, multiple liquid crystal 

30 projectors, each handling at least one image plane, can be used. In this 
case, the light output from the projectors could be pulsed in 
synchronization with the individual plane screens, thus keeping the field 
rate requirements on the projector low. Figure 5 shows schematically a 
multiple projector arrangement. 
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In each of the arrangements of Figures 4 and 5, each three 
dimensional image plane has a field synchronication signal associated 
with it, that signals the start of a new field. This signal is fed to a counter 
which, with the aid of a multiplexer, selects the drive to the appropriate 
5 screen and/or projector. 

Preferably the switchable screens in the displays of this invention 
comprise an encapsulated liquid crystal material, whose preparation is 
disclosed in U.S. Pat. Nos. 4,435,047 (1984), 4,606,611 (1986), 4,616,903 (1986), 

10 and 4,707,080 (1987), all to Fergason; published European patent application 
EP 156,615 (1985), by Pearlman et aL; U.S. Pat. No. 4,671,618 (1987), to Wu et 
al.; U.S. Pat. Nos. 4,673,255 (1987) and 4,685,771 (1987), to West et aL; and 
U.S. Pat. No. 4,688,900 (1987) to Doane et aL; the disclosures of each which 
are incorporated herein by reference. In encapsulated liquid crystal 

is material, discrete volumes of liquid crystals are encapsulated, dispersed, 
embedded or otherwise contained in a containment medium. "Liquid 
crystals" denotes a composition having liquid crystalline properties, 
whether that composition is a single discrete liquid crystalline compound, a 
mixture of of different liquid crystalline compounds, or a mixture of liquid 
20 crystalline and non-liquid crystalline compounds. 

Liquid crystals have typically elongated molecular shapes, with a 
tendency to align or orient themselves with their long molecular axes 
parallel to each other. This alignment causes liquid crystals to be 

25 anisotropic, meaning that their measured physical, optical, and other 
properties are dependent on the direction of measurement (parallel or 
perpendicular to the direction of alignment). Further, the alignment 
direction can be influenced by an external stimulus, such as an electrical 
or magnetic field, causing the liquid crystals to exhibit a particular value of 

30 a physical characteristic in one direction when the stimulus is absent, but 
rapidly switching to a different value when the stimulus is applied. It is 
because of their anisotropy and their ready realignment that liquid crystals 
are useful as materials for displays. 

35 The containment medium is preferably a polymeric material. 

Suitable containment media include but are not limited to polyvinyl 



WO 91/15930 



6 



PCT/US91/02155 



alcohol), polyurethane, acrylic and methacrylic polymers and copolymers, 
epoxies,polyolefins, vinyl polymers, and the like. 

Encapsulated liquid crystal material can be formed by deposition 
5 from an emulsion containing both the containment medium and liquid 
crystals or by the evaporation of liquid from a solution containing both 
containment medium and liquid crystals. It can also be formed by making 
an initially homogeneous mixture containing both containment medium 
and liquid crystals at an elevated temperature, then cooling to phase- 

10 separate out liquid crystal volumes contained in the containment medium. 
Further, it can be formed by an in-situ polymerization process, in which the 
containment medium is polymerized and simultaneously encapsulates 
liquid crystal material. The liquid crystal need not be entirely surrounded 
by the polymer, and may exist as part of a system with co-continuous 

15 phases. 

In one embodiment, the encapsulated liquid crystal material is 
substantially non-transparent in the absence of a sufficient electric field 
(the "field-off" state) and substantially transparent in the presence of a 

20 sufficient electric field (or "field-on" state). The electric field induces a 
change in the alignment of the liquid crystals, in turn causing the 
encapsulated liquid crystal material to switch from a highly light- 
scattering (and/or absorbent) state to a highly non-scattering and 
substantially transparent state. Generally, it is preferred that the liquid 

25 crystals have a positive dielectric anisotropy and that the ordinary index of 
refraction of the liquid crystals be matched with the refractive index of the 
containment medium, while the extraordinary index of refraction is 
substantially mismatched therewith. The physical principles by which 
such encapsulated liquid crystal material operates is described in further 

30 detail in the aforementioned references, particularly the patents to 

Fergason. Thus, a screen or shutter made of encapsulated liquid crystal 
material can be made to switch from a light scattering state to a 
substantially transparent state by the application of an electric field. 

35 The means for applying the electric field may be various. Generally, 

the liquid crystal material has an electrically conductive material or 
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electrode on either side. The application of a sufficient voltage across the 
two electrodes then induces a corresponding change in the visual 
appearance of the liquid crystal material between the electrodes. Typically, 
the transparent electrode material comprises a thin coating of a metal or 
5 metal oxide, such as gold, nickel, indium tin oxide, and the like. 
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Claims 

I claim: 

5 1. A three dimensional display, comprising: 

(a) a plurality of switchable screens arranged one behind the 
other, each screen being independently switchable between a 
strongly scattering and substantially transparent state; 

(b) projection means for projecting a sequence of images, each 
10 image in the sequence corresponding to one of the switchable 

screens and forming part of an overall three-dimensional 
image; and 

(c) synchronized switching means for switching each switchable 
screen synchronously with the projection of the sequence of 

15 images by the projection means, such that a particular 

switchable screen is in its strongly scattering state when 
image corresponding thereto is being projected and is in its 
substantially transparent state at least when the image 
corresponding to another screen is being projected and the 

20 particular screen is positioned between that another screen 

and either the projector or the viewer. 

2. A three dimensional display according to claim 1, wherein each of 
the switchable screens comprises encapsulated liquid crystal 

25 material. 

3. A three dimensional display according to claim 1 or claim 2, wherein 
the synchronized switching means switches each of the switchable 
screens to its substantially transparent state when an image is not 

30 being projected thereon by the projecting means. 

4. A three dimensional display according to claim 3, further 
comprising a dark, light absorbing background screen positioned 
behind the switchable screen which is furthermost from the 

35 projecting means. 
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5. A three dimensional display according to claim 1 or claim 2, wherein 
the projecting means comprises a single projector. 

6. A three dimensional display according to claim 1 or claim 2, wherein 
5 the projecting means comprises a plurality of projectors, each 

projector being associated with a different screen. 
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